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积过程为：初期先在电极表面形成金属 Cd，Cd 与 PATP 直接相连，之后 CdS





在复合膜中，CdS 纳米颗粒在 PANI 表面形成岛状的聚集体，尺寸约为 20 
nm；其吸收的启动(onset)波长与块体材料相比有所蓝移，表现出量子尺寸效应，
说明虽然纳米 CdS颗粒聚集成岛状结构，但在光吸收性质上表现为小颗粒的性
质。红外光谱和 XPS谱图都表明，CdS纳米颗粒与 PANI 之间存在相互作用。
用多孔阳极氧化铝为模板制备了 CdS 纳米线和 CdS/PANI 同轴纳米电缆。在同
轴纳米电缆中，内层 CdS纳米线的尺寸约为 40 nm，PANI管的外径约 90 nm。
其拉曼光谱显示了 CdS和 PANI的振动特征，其吸收光谱也显示了 CdS和 PANI
的吸收特征。 


















对 CdS 的光致发光增强作用。利用 CdS/PANI 复合体系的能带图解释了 PANI
对纳米 CdS光致发光增强作用，即：由于 CdS与 PANI能级的合适匹配，使得































































The Electrochemistry of Novel Luminescent of Photoelectric Materials 
Abstract 
 
The Electrochemistry of Novel Luminescent and Photoelectric 
Materials 
As the high techniques develop rapidly in the fields of energy, information, life 
and environment, there are increasing demands for novel systems and materials. 
Electrochemistry will play an important role in realizing the demands. 
Nano-structured semiconductors, a branch of nano-materials, are of vital importance 
on the developments of function materials and devices. Luminescent and 
photoelectric effects are two essential properties for this kind of materials. The 
unique optical properties of nano-structured semiconductors make them extensively 
prospective for applications in the light emission devices. On the other hand, new 
types of solar cells can be developed based on the photoelectric effects of 
nanosemiconductors and it is hopeful to be one of the breaking-through approaches 
for the problem of insufficiency of current energy resources. In combined with other 
materials, for example, integrated with polymers, nano-structured semiconductor can 
be more stable, which may be a simple way for utilizing of them. Furthermore, the 
composite systems may display new optical property, for example, tunability of the 
luminescent wavelengths when used as luminescent materials, or improvement of the 
luminescent efficiency, compared to the single-component nanosemiconductors. The 
application of nano-structured semiconductors in the solar cell is a active area in the 
field of solar cell exploration in the recent years. Among the problems in this 















efficiency of photoelectric conversion and high stability of the cells gets the most 
attention.  
This dessertation focuses on the exploration of novel emission and 
photoelectrical materials. The works can be divided into two parts: (I) 
Electrochemical preparation and characterization of CdS nanoparticle films, CdS 
nanowires, CdS/PANI composite films and CdS/PANI core-sheath nanocables. In 
this part we concentrate on their photoluminescent (PL) properties by using 
fluorescence spectroscopy, and the mechanism of enhanced PL of our systems. (II) 
Construction of new type of photovoltaic cells by using the redox polymers as the 
solid electrolytes and the semiconductor nanoparticle films as the photo electrodes. 
Their photovoltaic properties were studied. Furthermore, the electrochemical 
properties and the charge transport process of redox polymers were investigated by 
several electrochemical methods. The following text is the details: 
(A) CdS nanoparticle films were prepared by electrochemical method, and the 
influence of conditions in preparation on the morphology and structure of CdS 
nanoparticle films were investigated. 
The morphologies of CdS nanoparticle films are different on Au film and 
PATP-modified Au film. The CdS nanoparticles on PATP/Au film are nanorods with 
a diameter of ~50nm and a length of ~300nm. The UV-vis absorption spectroscopy 
implies that both CdS nanoparticles exhibit the quantum size effect on these two 
substrates. The morphologies of CdS nanorods films depend on the impulse width 
and amplitude applied in impulse current method. When the impulse width increases, 
the diameters of CdS nanorods increase slightly, and the lengths increase 
significantly, accompanied with part of nanorods linking across each other. The sizes 
of agglomerate of the CdS nanorods also increase, so do the coverage of the films, 














The Electrochemistry of Novel Luminescent of Photoelectric Materials 
nanorods is that the small amount of Cd metal is deposited on the substrate at first, 
which connected with the PATP, and then the CdS molecules grow on the Cd metal. 
Many CdS molecules form a CdS nucleus that grows to a CdS crystalline. The 
crystallines on one Au particle stack to an aggregate which shows a diameter of 
~50nm in the SEM image. 
(B) The CdS/PANI composite films and CdS/PANI coaxial nanocables were 
fabricated by electrodeposition. The photoluminescent properties of the CdS/PANI 
systems were investigated, and a new PL enhancement mechanism was proposed for 
these systems.  
In the composite films, the size of CdS nanoparticles track to agglomerates of 
about 20 nm in diameters. The absorption band of the CdS nanoparticles in PANI 
shows a blue shift compared with that of the bulk CdS, which implies a quantum size 
effect. This result indicates that the absorption property of the CdS nanoparticles is 
exhibited from the smaller nanocrystallines rather than from the agglomerates. Both 
of the IR and XPS spectra indicates that there are interactions between CdS particles 
an PANI. CdS nanowires and CdS/PANI coaxial nanocables were fabricated using an 
anodic aluminum oxide (AAO) membrane as the template. In the coaxial nanocables, 
the outer diameter of the PANI tubes is around 90 nm and the diameter of inner CdS 
cores is around 40 nm. Their Raman spectrum shows vibrational features of both 
CdS core and PANI sheath, and their absorption spectrum also shows the both 
absorption features. 
The fluorescence spectroscopic study of the CdS/PANI systems shows that: the 
PL intensity of the CdS/PANI composite film is ~10 times larger than that of the CdS 
nanoparticle film. And the PL intensity of the CdS/PANI coaxial nanocables is ~4.5 
times larger than that of the CdS nanowires. We found the current PL enhancement 















enhancement of our CdS/PANI systems. So a novel mechanism of enhanced PL of 
semiconductor nanostructures has been proposed to explain this enhancement effect, 
that is, the photo-generated charge transfer (PGCT) mechanism from PANI sheath 
into the CdS core. We used the energy band diagram to explain the mechanism. The 
energy levels of CdS and PANI match properly, in which, the conduction band edge 
of CdS is lower than that of PANI and the valence band edge of CdS is higher than 
that of PANI. This enables the transfer of the photo-generated electrons of PANI to 
the conduction band of CdS and the photo-generated holes of PANI to the valence 
band of CdS. Thus, the total concentration of carriers in the CdS core may increase 
compared to that in pure CdS nanowires, and consequently the PL of CdS in the 
nanocable is significant enhanced. 
(C) The Nafion-type redox polymers were prepared and the “sandwich” solid-state 
cells were constructed. Based on these systems, the charge transport properties of 
them were investigated. 
    The Nafion films are of 10~20 micrometers in thickness, and the concentration 
of the H+ sites in these Nafion films is about 0.12 mol/L. The charge diffusion 
coefficient (Dct) of the solid cell depends on two factors. First is the concentration of 
redox centers in the redox polymer (c0), and Dct increases with the increase of c0 . 
The second factor is the microstructure of the polymer film, which may depends on 
the method for preparation and the moisture content of the polymer. The Dcts of the 
ITO/Nafion[Fe(bpy)32+]/Au solid cell and ITO/Nafion [Ru(bpy)32+]/Au solid cell 
have the same order of magnitude, which indicates that they have similar 
performance of charge transport. The charge transport in ITO 
/Nafion[Ru(bpy)32+]/Au sanwich solid cell is different to that of the redox polymer 
modified electrode. Electron hopping and physical diffusion are also exit in both the 
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effect on the oxidation processes, while the physical diffusion a more important 
effect on the reduction processes. The driving force of the electron hopping is the 
concentration gradient. The electrons or the holes are captured at the interface of the 
electrode and the redox polymer, and then transport through redox center chains in 
the framework of the redox polymer. 
PANI was added as the interlayer between the ITO and the redox polymer, 
which can improve the ITO-polymer interface with respect to charge transport. The 
A.C. impedence spectroscopic study of the solid cells shows that the PANI may 
greatly decrease the ohmic resistance of the cell and the resistance of the ITO/Nafion 
interface, so the charge transport ability is enhanced. Another preparation method of 
the redox polymer films can also help increasing the charge transport performance, in 
which the redox complex cations exchanged H+ ions in the Nafion solution and PEG 
was added into the solution. The redox polymer films prepared by this method can 
result in higher redox center concentration due to ion-exchange rate increasing, 
increase which may lead to the enhancement of the working current. If both the PANI 
and the PEG were added to the solid cell, the working current can be enhanced for 
~1000 times. This working current is comparable to some organic charge transport 
material such as TPD. 
(D) The ITO/TiO2/Nafion[Ru(bpy)32+]/Au, ITO/TiO2/Nafion[Fe(bpy)32+]/Au, ITO/ 
CdS/Nafion[Fe(bpy)32+]/Au and ITO/CdS/Nafion[Ru(bpy)32+]/Au solid solar cells 
were constructed, using the nano-sized TiO2 nano-particle film and the CdS 
nano-particle film as the photoelectrodes respectively and the Nafion-type redox 
polymer as the solid electrolytes. Their photovoltaic performances were also studied. 
The energy bands of the TiO2 and CdS match the redox species in the redox 
polymers properly, so a rather high open circuit photovoltage can be achieved. When 















absorption of the incident light by TiO2. Using CdS, a higher photoelectric 
conversion efficiency can be obtained. And we did not observed light convesion of 
the photoelectrodes in the cells which may be expected due to the relatively low 
chemical stability of CdS. Currently, the photoelectric energy conversion efficiency 
of ITO / CdS / Nafion[Ru(bpy)32+ ,PEG]/Au solid solar cells is ~1.29％ of 400nm, 
incident photon-electron conversion efficiency (IPCE) is ~9%, which is close to the 
solar cell based on inner photoelectric emission and the organic photovoltaic cell 
using derivant of polystyrene.  
Key words: Nano-CdS, Polyaniline, Composite films, Coaxial nanocables, 
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